Abstract Detailed study of the ultrastructures on the cortical lists of retiolitids occurring after the lundgreni event has been undertaken. The extremely well preserved material from the Gołdap borehole of Poland (Baltica) enables classification of clathrial lists into two types-with single and double seams. Significantly different seam development is observed between two groups of retiolitids occurring before and after the lundgreni event. The study of seams and increments on the lists enables reconstruction of the membrane arrangement of the rhabdosomes. Reconstruction of the proximal ends, the arrangement of the ancora umbrella, and the layout of the proximal ventral and lateral orifices of five genera, Neogothograptus, Holoretiolites, Plectograptus, Spinograptus, and Quattuorgraptus n. gen., is presented. The new genus Quattuorgraptus is separated from Spinograptus because of the different development of the ancora umbrella and the width of the lateral walls of the rhabdosome.
Introduction
The early Paleozoic Graptolithina were of significant importance as plankton in the marine biocenosis. Their Silurian family Retiolitidae evolved rapidly from the Aeronian to the Ludfordian. The retiolitids were a peculiar group of colonial graptolitids characterized by the unique structure of their rhabdosome. All graptolites had a thecal rhabdosome. However, for the retiolitids it was internal, because outside they had an additional layer: the ancora sleeve, i.e. a structure developed from the bifurcation and subsequent distal development of the virgella. Another specificity was the construction of rhabdosomal walls. The walls of graptolite rhabdosomes consisted of an internal fusellar layer and an external cortical layer, the latter consisting of bandages, whereas the walls of retiolitids consisted of cortical lists and membranes which were stretched between them. The membranes of the ancora sleeve and thecal walls were extremely thin. In contrast, the lists, which were much thicker, were built of multilayered cortical bandages and are usually well preserved (Kozłowska-Dawidziuk 2004) . Usually, the rhabdosome looks like a regular network of lists, although sometimes the whole rhabdosome (lists and membranes) is preserved (Lenz 1994a, b; Lenz and Thorsteinsson 1997; Kozłowska-Dawidziuk 1997; Lenz and Kozłowska-Dawidziuk 2002) . For a long time, the arrangement of the membranes was a mystery. However, if scanning electron microscopy (SEM) is used to view specimens of retiolitids, traces of the membranes on the cortical lists can be seen as prominent seams (Bates 1987) . Nowadays, it is usually possible to reconstruct the membranes on the basis of seams occurring on the lists. Bates and Kirk (1978 , 1992 , 1997 described in some detail development of the ancora umbrella in Stomatograptus, Pseudoretiolites, Gothograptus nassa, Holoretiolites mancki, and Retiolites. Reconstruction of the membranes' position on the basis of the seam arrangement of the ancora umbrella of the genus Plectograptus was presented by Bates et al. (2006) , without detailed studies of seams around the proximal ventral and lateral orifices.
It is commonly accepted that the mode of development and proximal structures are the best features for recognition of high-level taxonomic categories within the Graptoloidea (Mitchell 1987; Kozłowska-Dawidziuk et al. 2003) . For the retiolitids, the mode of development and, particularly, the development of the ancora umbrella with location of the proximal lateral and ventral orifices are characteristic features of each genus. This is probably because the ancora umbrella started its development during the early stages of the astogeny of the colony.
To better understand changes of astogeny, evolution, and retiolitid behavior connected with the construction of rhabdosomes it is very important to know the structure of the entire rhabdosome including details of the membrane arrangement. The purpose of this paper is threefold: -to present a classification for clathrial seams of retiolitids occurring after the lundgreni event; -to reconstruct membranes of the proximal end of rhabdosomes for four genera: Neogothograptus, Holoretiolites, Plectograptus, Spinograptus; and -to present a new genus, Quattuorgraptus, separated from Spinograptus on the basis of differences in ancora umbrella development.
Materials and methods
The new material was derived from the Gołdap borehole located in the Polish part of the East European Platform (Fig. 1) . The one specimen used for constructing the model of the ancora umbrella membranes of Spinograptus is from an erratic boulder from Jarosławiec. The material is very rich and contains well preserved specimens of different species from different astogenetic stages. The retiolitids were recovered after slow dissolution of carbonates in hydrochloric acid (1-10 %). A fine hairbrush was used to pick up and transfer specimens. The material was stored either in glycerine in plastic containers or on the SEM stubs.
Ultrastructure of the retiolitid rhabdosomes
The ultrastructures occurring on the rhabdosomal lists indicate the presence and course of the membranes. There can be seams and increments which are remains of fuselli and small fragments of membranes (Fig. 2 ). Bates and Kirk (1992, 1997) described the ultrastructures of Llandovery ancorate diplograptids and retiolitids occurring before the lundgreni event with remarkable accuracy. They observed enwrapping and insertion seams. The insertion seam can be equivalent to a single seam on lists of the young retiolitids occurring after the lundgreni event. The double seam described in this paper can comprise an enwrapping seam on one side of the list and an insertion seam on the other. However, on the basis of observations of the post-lundgreni material from the Gołdap borehole and the pre-lundgreni material from the Bates and Kirk (1992, 1997) papers, it is difficult to compare the seams of the earlier and later retiolitids because they differ in appearance. The seams of the earlier are distinct and deep, those of the later retiolitids are less pronounced and shallow, and it is easy to confuse them with bandages. The increments of old retiolitids are more often preserved than those of young retiolitids. Bates et al. (2006) described the primary lists of the ancora sleeve in Plectograptus. Two different types of primary list (A and B) are found in this genus (Bates et al. 2006, Fig. 5 ). The type A lists include the ancora sleeve lists without pleural lists, the type B lists build pleural lists. The initial list of the type A lists has a proximally-facing insertion seam (Bates et al. 2006, Fig. 5a ) which marks the extension of the initial fusellum of the ancora sleeve. The type B lists have an initial core (Bates et al. 2006, Fig. 5b) which is similar to the fusellar core of the spines, and is surrounded by concentric asymmetric cortical layers.
On the basis of the new material from the Gołdap borehole, containing five genera of retiolitids (Neogothograptus Kozłowska-Dawidziuk, 1995; Holoretiolites Eisenack, 1951; Plectograptus Moberg and Törnquist, 1909; Spinograptus Bouček and Münch, 1952 and Quattuorgraptus n. gen.), two different types of seam occurring on (Törnquist, 1887) with enrolled fragment of the membrane and increments. ZPAL G. 48/1. b Fragment of the ancora umbrella of Quattuorgraptus munchi (Eisenack, 1951) with increments on the ancora umbrella rim and double seams on the list of the ancora umbrella. ZPAL G. 48/2. c Fragment of the rhabdosome of Spinograptus clathrospinosus (Eisenack, 1951) with well developed double seam on the lateral apertural rod. ZPAL G. 48/3
Reconstruction of the proximal 3 the clathrium lists were found: single seams and double seams (Fig. 3) . The double seam on a list indicates two membranes connected to the list extending in two different directions ( Fig. 3a-b ) whereas a single seam indicates a single membrane connected to the list ( Fig. 3c-d ). This classification of seams can be partly correlated with the types of the list found in the material described by Bates et al. (2006) . In the material from the Gołdap borehole, the double seams are similar to the type A lists of Bates et al. (2006) : in the cross section, a distinct notch of a proximally-facing seam runs along the list indicating the first membrane whereas the second membrane runs on the other side of the list (Fig. 3a) . However, the notch may not be visible on the list and then the list with double seam has an initial core and successive layers of bandage (Fig. 3b) . The single seam has a notch around which concentric bandage layers are arranged (Fig. 3c) . Sometimes, a fragment of membrane can be observed in the notch (Fig. 3d) (Fig. 4) . Last, but not least, sometimes seams can easily be mistaken for thick cortical bandages. Therefore, before deciding where the seam is located it is important to trace it along the entire list.
Lists with double and single seams differ from each other not only in cross section but also in the view from the seam side. A well preserved list with a single seam has a clearly visible notch on the entire length of the list (Fig. 5a ) and a round core of the initial list can be easily seen on a list with a double seam (Fig. 5b) .
The elements of the clathrium with double seams include: ancora sleeve lists except pleural lists, ancora umbrella lists without ancora umbrella rim, and lateral apertural rods, genicular lists, whereas the elements with single seams include pleural lists and lips. Depending on the position of the rim of the ancora umbrella in the rhabdosome it may have either double or single seams. If over a given fragment of the ancora umbrella rim, a proximal orifice can be found, this part of the ancora umbrella rim has a single seam, otherwise it has a double one. In some mature specimens, the proximal orifices can be overgrown by reticulum and membranes. In such cases the ancora umbrella rim under these orifices has the double seams. The main ancora umbrella lists have double seams but usually they look slightly different from the remaining lists with double seams. Lists with double seams have an oval core between the two seams ( Fig. 5b ). This element in the lists of the ancora umbrella is more flat and often has small, ragged pieces of membranes (Fig. 6 ). This may be because the membrane of the ancora umbrella was secreted outside the lists whereas membranes of the other part of the rhabdosome were secreted inside . The latter may be associated with the fact that the ancora umbrella was secreted by the siculozooid which could differ from that of the other zooids, or could behave differently as a result of a unique way of building the ancora umbrella.
Membrane reconstruction of the proximal ends of retiolitid rhabdosomes occurring after the lundgreni event
The proximal end of the retiolitid rhabdosome is comprised of such structures as ancora umbrella with its membranes, proximal ventral orifices, proximal lateral orifices (Fig. 7) , and outer ancora. In this paper the outer ancora is not taken into consideration because it is an additional, reticular structure occurring usually in mature specimens. Lists of the ancora umbrella can be divided into the main lists of the ancora umbrella having seams on the external side of the rhabdosome and the ancora umbrella rim surrounding the main lists (Fig. 8) .
The proximal ventral orifices belonging to the ventral walls are bounded proximally by portions of the ancora umbrella rim ( Fig. 9b-d The proximal lateral orifices belonging to the lateral walls are bounded proximally by part of the ancora umbrella rim, and laterally and distally by the ancora sleeve lists in Neogothograptus, Holoretiolites, and Spinograptus ( Fig. 9b-c) . In Plectograptus, these orifices are bounded proximally by membranes of the ancora umbrella or, in rare cases, by part of the ancora umbrella rim and distally by the ancora sleeve membranes (Figs. 7, 9a) . In Quattuorgraptus, the lateral orifices are surrounded proximally by the ancora umbrella rim, distally by the ancora sleeve lists, and, at the theca 1 2 side of the rhabdosome, by pleural lists below the first pair of thecae ( Fig. 9d) .
Here, the ultrastructures appearing on lists in the proximal end of the retiolitids from the Upper Wenlock and the Lower Ludlow from the Gołdap borehole are analyzed in detail. On the basis of the classification of the observed seams, the development of the ancora umbrella can be reconstructed, with the location of the proximal ventral and lateral orifices and the course of the membranes of the proximal ends of the rhabdosomes, for five genera of retiolitids. Because of detailed analysis of seams of the species Sp. munchi, it was also possible to erect a new genus, Quattuorgraptus. For each diagnosis of the described genera, a detailed description of the proximal end of the rhabdosome is given on the basis of the ultrastructures occurring on lists of the ancora umbrella and on lists surrounding the proximal lateral and ventral orifices.
Systematic palaeontology
Terminology according to Bates et al. 2005 . Family Retiolitidae Lapworth, 1873 Subfamily Plectograptinae Bouček and Münch, 1952 Genus Neogothograptus Kozłowska-Dawidziuk, 1995 Type species Neogothograptus purus Kozłowska-Dawidziuk, 1995 Diagnosis (emended from Maletz 2008) Ancora umbrella thicker than the rest of rhabdosomal lists in mature forms, consisting of three short branches and one long branch divided twice, usually at theca 1 2 side of the rhabdosome; ancora umbrella has six meshes and fully developed ancora umbrella rim; outer ancora usually present in mature Fig. 6 The double seams of the ancora umbrella with fragments of the ancora umbrella membranes (arrows) in different genera. a The ancora umbrella and outer ancora of the Neogothograptus ornatus Maletz, 2008. ZPAL G. 48/8. b The ancora umbrella of Spinograptus clathrospinosus (Eisenack, 1951) . ZPAL G. 48/9. c The ancora umbrella of Spinograptus spinosus (Wood, 1900) . ZPAL G. 48/10. Scale bars 100 lm Fig. 7 a Model of the arrangement of the ancora umbrella membranes and the ancora sleeve membranes, without thecal membranes. The membranes of the ancora sleeve are only shown on the reverse side of the rhabdosome. Model constructed on the basis of two specimens of Plectograptus macilentus (Törnquist, 1887 Remarks On the basis of very rich material of Neogothograptus from the Gołdap borehole, comprising N. balticus, N. purus, N. romani, N. alatiformis, N. eximinassa, N. ornatus and N. reticulatus, the proximal end of the rhabdosome is described. In 2008 Maletz reported that branches of the ancora umbrella divide the space of the ancora umbrella into seven meshes. However, after examining the seams of the ancora umbrella, it was discovered that the ancora umbrella has six meshes (Figs. 8a, Fig. 9 Reconstructions of the ancora umbrella mesh development and geometry from the proximal end for all the genera discussed. The seams on the ancora umbrella marked in black. 9b, 10a-c).The proximal ventral orifices and the proximal lateral orifices were probably overgrown by the membranes because over the ancora umbrella only the lists with double seams have occurred (Fig. 10a) . In some species, N. alatiformis, N. eximinassa, and N. reticulatus, these orifices were also overgrown by reticulum. Lenz and Kozłowska-Dawidziuk (2004) described also N. alatiformis with proximal ventral and lateral orifices overgrown by reticulum in mature rhabdosomes. The rhabdosomes at early stages of astogeny development have proximal orifices which are not overgrown by reticulum and probably by membrane, but seams of these specimens are less pronounced, making it impossible to determine this very feature. Remarks The arrangement of the ancora umbrella is described on the basis of rich material including the species: H. mancki, H. erraticus, H. manckoides, H. atrabecularis, and H. helenaewitoldi. The ancora umbrella of Holoretiolites is similar to that of Neogothograptus (Figs. 8a-b, 9b) . Holoretiolites differs from Neogothograptus primarily in the construction of the ventral wallin the former, there are no pleural lists and lateral apertural rods, and a reticulum present only in H. erraticus. Also, an outer ancora is present only in mature rhabdosomes of (Eisenack, 1951) with an additional branch at the theca 1 2 side of the rhabdosome and with eight meshes. ZPAL G. 48/3. Scale bars 200 lm. a-c Numbers show the amounts of meshes of the ancora umbrella H. erraticus. In Holoretiolites, the reticulum overgrowing the proximal ventral and the lateral orifices is absent. Additionally, as noted by Maletz (2008) , the genicular elaborations are not developed in Holoretiolites but are common in Neogothograptus, and these two genera differ in the development and orientation of the lateral parietal lists. The seams on the lists of the proximal end of the rhabdosome indicate the presence of membrane covering the proximal ventral orifices and proximal lateral orifices in mature colonies. In young rhabdosomes it is impossible to define them because the seams on lists of the proximal end of the rhabdosome are poorly preserved.
Genus Plectograptus Moberg and Törnquist, 1909 Type species: Retiolites macilentus Törnquist, 1887 Diagnosis (emended from Maletz 2010) Simplified shallow ancora umbrella consisting of two short branches and two long branches: one of these long branches divides once at the theca 1 2 side of the rhabdosome; ancora umbrella has five meshes and fragmentary outlined ancora umbrella rim; no outer ancora; nema not attached to lateral wall, only in Plectograptus robustus is it attached to the nematularium in the distal part of the rhabdosome; proximal ventral orifices are of different sizes, at the theca 1 2 side of the rhabdosome usually larger; proximal lateral orifices big. Ventral wall consists of lips, genicular lists, lateral apertural rods, and mid-ventral lists; mid-ventral lists much thinner than other lists in rhabdosome; genicular processes can be observed in some species; reticulum present only in Pl. wimani; rhabdosomes usually open-ended, only in Pl. robustus is it ended by the nematularium. Remarks Well preserved material from the Gołdap borehole includes the genera Pl. macilentus, Pl. robustus, Pl. toernquisti, and Pl. mobergi. The arrangement of the ancora umbrella and the course of the ancora umbrella membranes of Plectograptus were described by Bates et al. (2006) on the basis of the occurrence of seams on lists (Fig. 9a) . Such a layout of seams and membranes of the ancora umbrella was confirmed by the material collected from the Gołdap borehole (Fig. 7) . Furthermore, on the basis of the material from the Gołdap borehole it is observed that, in rare cases, the fragmentary rim of the ancora umbrella can combine into larger fragments (Fig. 7c) . In the diagnosis of the genus Plectograptus, Maletz (2010) has shown that Plectograptus had the four main meshes of the ancora umbrella. On the other hand, on the basis of ultrastructural analysis of the material from the Gołdap borehole and material from the northern Germany, Poland, and Canada, Bates et al. (2006) demonstrated that the ancora umbrella has five meshes. The four main meshes attached to the ancora cannot be diagnostic features for Plectograptus, because they are characteristic for all young retiolitids. In remarks on the genus diagnosis, Maletz (2010) stated that the main difference between Spinograptus and Plectograptus consisted in the simpler development of the ancora umbrella, in Plectograptus outlines of the meshes being only partly formed by clathrial lists. On the basis of the material from the Gołdap borehole the author believes that the development of the ancora umbrella of Plectograptus is not only reduced and simpler than that in Spinograptus, but the ancora umbrella also has a different layout of the lists: in Plectograptus the umbrella consists of two short branches and two long branches and one of these branches, at the 1 2 side of the rhabdosome, is divided only once (Figs. 8c, 9a) , whereas in Spinograptus it consists of two short branches and two long branches and the branch at the 1 1 side of the rhabdosome is divided once, but the branch at 1 2 side of the rhabdosome is divided twice (Figs. 8d, 9c ). So far, the presence of large proximal ventral and lateral orifices has been determined (Maletz 2010; Bates et al. 2006 , Fig. 2b ). The seams indicating the membranes of the ancora sleeve are visible from the proximal part of the first pleural lists (Fig. 11c) , indicating that the proximal lateral orifices are overgrown in large part by membrane and probably had an elongated shape (Fig. 7a) . The proximal lateral orifices are bounded above by the membrane of the ancora sleeve and below by the membrane of the ancora umbrella. In rare cases, they are limited by a fragment of the ancora umbrella rim (Fig. 11) . The proximal ventral orifices differ in size, that at the theca 1 2 side of the rhabdosome usually being larger than that at the theca 1 1 side.
Included species
Genus Spinograptus Bouček and Münch, 1952 Type species: Retiolites spinosus Wood, 1900
Diagnosis (emended from Kozłowska et al. 2012, doi: http://dx.doi.org/10.4202/app.2011.0020) Ancora umbrella consists of two short branches and two long branches, the branch at the 1 1 side of the rhabdosome is divided once, the branch at 1 2 side of the rhabdosome is divided twice; ancora umbrella has seven meshes and full rim; outer ancora present in some species; nema centrally located, in two species in distal part of the rhabdosome is attached to obverse side of the rhabdosome below the appendix; proximal ventral orifices can sometimes have paired genicular processes, in one species Sp. tubothecalis they can be overgrown by reticulum in mature specimens; proximal lateral orifices medium sized and shifted toward the 1 2 side of the rhabdosome. Ventral wall is composed of lips, genicular lists, lateral apertural rods and rudimentary mid-ventral lists, in some species with rudimentary transverse rods; ancora sleeve consists of parietal lists forming distinct zigzag pattern; paired reticulo-fusellar apertural processes present; reticulum can be present; rhabdosomes may be open-ended or finite with short appendix; finite rhabdosomes may taper distally or, exceptionally, may be parallel-sided with two distal isolated thecae with openings directed distally. In some species the membrane of sicula, thecae, or ancora sleeve can be present.
Included species Retiolites spinosus Wood, 1900; Retiolites clathrospinosus Eisenack, 1951 ; Holoretiolites (Balticograptus) lawsoni Holland Rickards and Warren, 1969; diagnosis is extended by a detailed description of development of the ancora umbrella. The ancora umbrella of Spinograptus is the most complicated among the postlundgreni retiolitid fauna. It is the most branched and it has as many as seven meshes (Figs. 8d, 9c) . The aberrant forms are rare: an irregular ancora umbrella with an additional branch at the theca 1 2 side of the rhabdosome and with eight meshes was found in one specimen only (Fig. 10d) . The proximal lateral orifices are generally not overgrown by membranes and reticulum. In rare cases of mature specimens, they can be overgrown by single lists of Fig. 12 Spinograptus clathrospinosus (Eisenack, 1951) 
with well developed transverse rods (arrows). ZPAL G. 48/15
Reconstruction of the proximal 13 reticulum. The proximal ventral orifices are usually not overgrown by membranes and reticulum. Only in very mature rhabdosomes of Sp. tubothecalis, can they be overgrown by reticulum and probably by membranes (Kozłowska et al. 2012 ; http://dx.doi.org/10.4202/app. 2011.0020). Spinograptus is the only genus occurring after the lundgreni event to have incomplete transverse rods as described in Sp. tubothecalis (Kozłowska et al. 2012 ; http://dx.doi.org/10.4202/app.2011.0020). This feature is characteristic of the earlier retiolitids occurring before the lundgreni event. In the new material from the Gołdap borehole collected in this study, transverse rods occur in Sp. tubothecalis, Sp. spinosus, and Sp. clathrospinosus also (Fig. 12) .
Genus Quattuorgraptus n. gen. Origin of name: quattuor Latin-four, due to the simple development of the ancora umbrella with only four meshes. Type species: Retiolites munchi Eisenack, 1951 Diagnosis Simple ancora umbrella consists of four undivided branches, four meshes, and fully developed rim; outer ancora absent; nema not connected to lateral wall of the rhabdosome; proximal ventral orifices can sometimes have paired, short, reticulo-fusellar processes; proximal lateral orifices large and shifted toward the 1 2 side of the rhabdosome. Ventral wall composed of lips, genicular lists, lateral apertural rods, and sometimes rudimentary mid-ventral lists; parietal lists of ancora sleeve form distinct zigzag pattern; paired, reticulo-fusellar genicular processes present, usually split in their medial part, sometimes straight or more complicated; reticulum absent; rhabdosome open-ended.
Included species Retiolites munchi Eisenack, 1951
Remarks Hitherto Quattuorgraptus munchi has been assigned to Spinograptus because it has paired genicular processes and characteristic development of the ancora sleeve. Here, it is suggested that Q. munchi does not belong to Spinograptus because it differs mainly in the development of the ancora umbrella (compare Figs. 9c and 9d) . The ancora umbrella of Q. munchi is simple and consists of four undivided branches, with four meshes and a complete ancora umbrella rim (Fig. 13a 1-2 , g 1 ) . Spinograptus has a more complicated ancora umbrella, consisting of two short branches and two long branches: the branch at the 1 1 side of the rhabdosome is divided once, the branch at the 1 2 side of the rhabdosome is divided twice. Thus it has seven meshes and a complete ancora umbrella rim (Figs. 8d, 9c) . Another feature which differentiates Q. munchi from the genus Spinograptus is the width of the lateral wall of the rhabdosome. At the level of the first pair of theca of the lateral wall, Q. munchi is from 832 to 871 lm wide, whereas in Spinograptus it is from 696 to 826 lm.
Quattuorgraptus munchi does not have a reticulum (Fig. 13a 3 , b) whereas the different species of Spinograptus have a variably developed reticulum. Spinograptus can have an outer ancora and Q. munchi does not (Fig. 13a-c, f-g ).
Quattuorgraptus munchi (Eisenack, 1951) (Figs. 2b, 9d, 13a-g) 1951 Retiolites munchi Eisenack: 138, pl. 22: 9-12, pl. 23: 3-5, pl. 24: 1. 1983 Agastograptus munchi Obut and Zaslavskaya: 111-112, pl. 22: 4, pl. 26: 1-4. 1995 Spinograptus munchi , Fig. 31 a, 32 a-b. 2001 Spinograptus munchi Kozłowska-Dawidziuk, Lenz and Š torch: 155, Fig. 5.4-5.6, 5.10, 5.14, 5.16. 2002 Spinograptus munchi Kozłowska-Dawidziuk: 463-464, Fig. 3a Description The longest rhabdosome is 3.91 mm long with three pairs of thecae (Fig. 13a 3 ) . The width of the lateral wall (832-871 lm) was measured between the pleural lists at the height of the lips of the first pair of thecae, on the level of the second and the third pairs of thecae at 1.07 and 1.08 mm, respectively. The ventral wall slightly extends through the distal end of the rhabdosome. The ancora umbrella is from 588 to 770 lm wide and approximately 121 lm deep. The proximal ventral orifices Fig. 13 a-f, h Specimens of Quattuorgraptus munchi (Eisenack, 1951) are almost at the same level and usually without genicular processes (Fig. 13b) . Only one specimen from 1,257.0 m of the Gołdap borehole has paired reticulo-fusellar processes over the orifice of the 1 1 side of the rhabdosome (Fig. 13a) . In all specimens, the orifice at the 1 1 side of the rhabdosome is smaller than the orifice at the 1 2 side (Fig. 13b) . The distance from the ancora umbrella to thecal lip at the 1 1 side of the rhabdosome is 804-838 lm and that to the thecal lip at the 1 2 side of the rhabdosome is 1.15-1.22 mm. Usually, there are no mid-ventral lists, although, in some specimens, short rudimentary mid-ventral lists occur. There are no transverse rods, although, in a few specimens, the denticles are visible in the place where transverse rods usually occur. The thecal apertures are rectangular; the genicular list is slightly longer than the lip. Apertures have a width of ca. 400-500 lm and a height of ca. 200-250 lm. The successive lips are distanced from each other as follows: the first from the second thecae, 616-714 lm; the second from the third, 619-711 lm; the third from the fourth, 651 lm. The rhabdosomes have paired reticulo-fusellar genicular processes which usually bifurcate in their medial parts (Fig. 13d) . Sometimes there are unbifurcating straight genicular processes or ones of a more complex form (Fig. 13e) . These latter occur in the shallowest sample at a depth of 1,255.0 m. The length of shorter arm of a typical process is 400 lm and that of the longer arm is 776 lm. Processes over the proximal ventral orifices are 340 lm long. Membranes are not preserved.
Remarks On the basis of material from a glacial erratic boulder from Rügen Island, Maletz (2010) reported that Spinograptus munchi has a shallow ancora umbrella formed by four central meshes and a number of smaller outer meshes, which are often poorly and incompletely outlined by a thin ancora umbrella rim. According to him, the ancora umbrella rim is difficult to trace. In this paper, on the basis of detailed analysis of seams of the proximal end of Q. munchi rhabdosomes, it is shown above that the ancora umbrella of Q. munchi consisted of four meshes only. It is also suggested that the material from Rügen Island is of younger astogenetic stages than the material from the Gołdap borehole, because the latter contains specimens with thicker lists and a fully developed ancora umbrella rim. The material from Rügen Island contains rhabdosomes with poorly preserved proximal ends and thin lists. Therefore, the description of this part of the rhabdosomes could not be unequivocal. Quattuorgraptus munchi is constructed of thick lists and does not have a reticulum and an outer ancora. In this regard and by similarity of shape of rhabdosomes (the walls are almost parallel) it resembles the genus Plectograptus, especially Pl. robustus (this species has paired genicular processes similar to Q. munchi). These two species differ in the development of the ancora umbrella. This difference is already visible in specimens of young astogenetic stages of the colony when the first pair of thecae are not yet developed (Fig. 13f, h ). The ancora umbrella of Q. munchi consists of four arms of equal length surrounded by the ancora umbrella rim (Fig. 13f) , whereas the ancora umbrella in Pl. robustus consists of two short branches and two long branches and one of these branches is divided once and the acora umbrella rim is not developed (Fig. 13h) . Q. munchi does not have mid-ventral lists, which are well developed in Plectograptus.
Conclusions
Exceptionally well preserved post-lundgreni event retiolitids from the Gołdap borehole of Poland (Baltica) were studied under the scanning electron microscope. As a result, two types of lists with single and double seams are distinguished. On the basis of detailed analysis of seams on lists, reconstructions of the proximal ends of rhabdosomes with the arrangements of membranes of five retiolitid genera are presented.
The development of the proximal ends of the described genera differs substantially (except for Neogothograptus and Holoretiolites). It seems that the ancora umbrella of Spinograptus is the most complex among the post-lundgreni retiolitid genera: it has seven meshes and has a fully developed rim. The ancora umbrella of Quattuorgraptus n. gen. has only four meshes and a full rim. The ancora umbrella of Neogothograptus and Holoretiolites has six meshes and a full rim. Although the two genera have an identical construction of the ancora umbrella, they differ from each other by the structure of the ancora sleeve and ventral walls. The Plectograptus ancora umbrella has five meshes without a rim; in rare cases only is a small fragment of rim developed. After tracking the proximal seams in Plectograptus it seems that its large proximal lateral orifices were probably much smaller than described, and they were of slit-shape rather than oval.
Such large differences in development of the proximal end of the rhabdosome may indicate a change in behavior of the first zooid.
On the basis of analysis of the ancora umbrella seams, Spinograptus munchi can be assigned to the new genus Quattuorgraptus.
Significant differences in seam development are observed between the two groups of retiolitids, occurring before and after the lundgreni event. The earlier retiolitids have deep, distinct, and clearly visible seams; the later ones have less pronounced, shallow seams which are easy to confuse with bandages. The increments of the older retiolitids are more often preserved than those of younger ones.
